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ABSTRACT

The optimal location of Coast Guard Recruiting Offices and

their recruiter allocation is investigated. Since quantity

of recruits is not a problem with the Coast 3uard, a reward

model -is developed to rate the quality potential of a

recruiting area. This multiplicative model assumes that

Navy recruiting perfcrmance can be used to predict Coast

Guard recruiting potential. Integer dynamic programming is

applied to determine the optimal allocation of recruiters

using the reward model. A non-integer dynamic programming

algorithm is also presented as a decision aid that can be

used for recruiter allocation, quota assignment, bourdary

definiticn, recruiter performance evaluation, and recruiter

time allccation. Paucity and possible errors in the Coast

Guard data precluded strong conclusions about the reward

model and subseguent results.
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I. BACKGROUND

A. BECRUITING IN THE ARMED FORCES

Prior to 1973 there was relatively little effort

expended on recruiting for the Armed Forces. If there was a

monthly or annual enlistment quota shortfall the remaining

quota goals would be filled by draftees. This made the

recruiting process quite easy and both quality and ,uantity

goals were obtained. As a result there was little incentive

to improve recruiting methods and only a few studies were

conducted to advance these mediocre practices.

In 1973 when Congress abolished the draft, all of the

major services (Army, Navy, Air Force, and Marines) were

forced into a positicn which required aggressive recruiting

to obtain the needed enlistees. Thus the first Irajor

recruiting studies centered around the effects of and issues

related to the all-vclunteer military system. As eaily as

1970, the Report cf the President's Commission on an

All-Vclunteer Armed Force [Ref. 1] foresaw the need for

improved recruiting methods under an all-volunteer system.

Zuring the past decade numerous recruiting studies

ranging from behavioral science research to intricate econo-

metric modeling have been conducted. These studies, along

with increased emphasis on threshold enlistment standards,

have resulted in very sophisticated recruiting methcdolo-

gies. The models developed have identified two basic groups

of factors that influence recruiting. The envircnmental-

demographic factors include such things as unewployment

rates, civilian pay, qualified military available (17 to 21

year olds), and propensity to enlist, whereas the recruitinj

system factors include recruiting objectives, advertising,

recruiting policy, entry programs available, etc.

9
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OnE conclusion cf these studies is that military

recruiting is a highly dynamic proczss ard therefore must he

under ccnstant analysis to remain effective. In recent

years when unemployment was high all of the services enjoyed

a good recruiting period. However, each of the services

continues to research better methods since a poor econcmy is

a temporary state. Presently two factors affecting

recruiting are declining unemployment and declining target

populaticn (end of the baby boom). These changing circin-

stances make it necessary to continue forecasting and modi-

fyiny recruiting techniques.

B. RECRUITING IN THE COAST GUARD

In recent years the Coast Guard has also develoFed a

need for imFroved and more aggressive recruiting techniques.

Prior to 1975 the Coast Guard enjoyed 'easy picking'

compared to the other services since there was a high demand

for the Coast Guard and relatively few positions available.

This resulted in a high percentage of jood juality recruits

compared to the other services. Today, with more complex

and sophisticated systems and equipment used by the Coast

Guard, there is an even greater need for quality people in

the Ccast Guard. This greater need combined with increased

competition for recruits from the other services requires

that the Coast Guard become more aggressive in its

recruiting activities.

The term 'quality' is often used loosely within
recruiting circles, yet it is difficult to define explic-

itly, and even more difficult to measure and predict. Since

the definition and measurement of a 'quality Coast Guar2

Fecruit' is beyond the scope of this study, a 'quality'
recruit will be defired in terms of two measures; mental

aptitude and level of education.

10



The first aeasure, mental aptitude, is deternined by the

Armed Services Vocational Aptitude Battery (AS VA3) This

test cf mental aptitude is administered to all pctential

Coast Guard recruits prior to their enlistment. The test

measures the level cf skills for several items such as;

arithmetic reasoning, numerical operations, paragraph

comprehersicn, word knowl.edge, coding speed, general

science, mathematics knowledge, electronics informaticn,

mechanical comprehension and automotive-shop informaticn.

'his battery of tests is administered throughout the ccuntry

for all the services with the results of the worl kncwledge,

parayraph compreher.sicn, arithmetic reasoninj, and numerical

operations sections hEing combined to form the Armed Forces

Cualification Test (AFQT). The AFQT score is then dividel

into five "Mental Category" groups base' on percentile as

TABLE I

AFQT Mental Categories by Percentile

AF2T mental Cateqorl Percentile
1 93 - 130
ii 65 - 92
IIIA 50 - 64
IIIB 31- 49
I1 10 - 30
V 1- 9

*L

shown in Table I Categories I and !I represent PEoEle

that are abcve average in trainanility; those in Category

III are considered average, where IIIA represents individ-

uals slightly above the median and III3 represents those

slightly below the u'edian; those in Category IV are below

II
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averaqe; and Category V are well below average. As Fcintel

out in the Profile of American Youth [Ref. 2], "The Services
prefer enlistees in the higher AF T categories because

training time and asscciated costs are lower." These higher

category people also qualify for a wider range of special-

ized training. Alsc, as noted by Mobley, Hand, Baker, anI

Meglino, [Ref. 3] persons in the higher mental categories

tend to exhibit a better chance of completing recruit

training over those of the lower mental categories. This is

supported by recent Ccast Guard data as shown in Table II

TABLE II

Recruit Training Success by AFQT Category

Recruit Training FY-82
Graduated Dischared

Category I & !I 97.9% 2.1T

Categcry IIIA 96.8% 3.2%

Categcry IIIB 93. 11 6.9

Categcry IV & V 85.9% 14.10

The second factor that is considered important relative

to ]uality is the level of education. In a recent study by

the Center for Naval Analysis [Ref. 4], i. was concluded

that:

* Finally, the military has found high school graduates to
be better' quality" recruits than non-high school gradu-
ates ( quality as measured by retention) . H i h school
graduation, in fact is the most important preaictor of
survival.

12



There have been numerous studies conducted which have the

same conclusion and Even Coast Guard data from fizcal VEar

1982 supports this conclusion as shown in Table II

TABLE III

HSG vs. Non-HSG Survival

I Recruit Training FY-82

Graduated Discharced

HSG 82.5% 17.57

Non-HSG 69.05 31.0%

)Overall Average 81.2% 18.8T

Althcugh there may be many variables involved in deter-

mining a 'quality' recruit, substantial research has indi-

cated that mental category and level of education attainment

are valid predictors cf future success in training (Ref. 5].

These measures are also readily available for each recruit

and AFCT mental category is standardized nationally. For

the purposes of the Coast Guard and this study, a 'good

quality recruit' is defined as a high school graduate with a

AFQT Category I or II.

With the definition of quality at hand it is now

possible to evaluate the Coast Guard's recruiting Fositicn.

Due to the relatively small number of enlistees brought into

the Coast Guard, quantity was never a real concern and

continues to be no ccncern at the present time. However,
0 quality recruits and quality minority recruits are less

abundart in the Coast Guard as compared to previous years.

As can he seen in Figure 1. 1, there has been a steady

0
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decline in percentage of Mental Categories I and 1I in the

Coast Guard fron 1975 until 1981. In 1981 uneMployMent

became very hich ard all of the services experienced goo•.

recruitirg. As mentioned earlier this is only a tempcrary

conditior and tcugher recruiting times lie ahead. This

decrease in quality in the Coast Guard represents a threat

to life, and property as equipment becomes more complex and

training costs increase. Tc maintain a high quality and

efficient service the Coast Guard must recruit high quality

people.

- --- I
I I
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Figure 1.1 Percent of AFQT Category I and II Accessions.

The hasic assumption behind many recent studies is that

the upper mental catEgory people (Cat I-lIIA) are supply

14
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limited' [Ref. 5]. This means that the number of guality

accessions is limited by the supply of these people rather

than the military's demand for them. Since the four major

services are all competing for these upper mental category

people, the Coast Guard must also compete for these people.

The Coast Guard can nc longer sit back and rely on its repu-

tation for attracting high quality recruits. The Coast

Guard must improve its recruiting techniques to compete with

the much more sophisticated methods used by the cther

services. In a time when budgets are tight the Coast Guard

must make an effort to get more recruits for the dollar and

this can he done by improving the present recruiting

process.

C. POSSIBLE METHODS 7O OBTAIN BETTER RECRUITS IN THE COAST

GUARD

Initial investigation of the problem resulted in several

possible solutions. For the Coast Guard's recruiting

problem a combination of these solutions and those found in

studies conducted by the other services on recruiting

resulted in several viable alternatives for imprcvements.

Assuming that improved quality in recruits and minority

recruits (as measured by the mental category) is the goal of

the Coast Guard the following list of solutions is obtained:

1. Train the recruiters better. With better training

the recruiters may become more efficient and effec-

tive salesmen.

2. Advertise more.

3. Offer better and more flexible enlistments such as

guaranteed schools or duty stations, and delayed

entry programs.

4. Use more recruiters in more locations.

15



5. Relccate present recruiting offices into areas of

greater potential. if upler mental category Feoile

with a propensity to enlist in the military are

supply limited, the the Ccast Guard should recruit in

areas with the greatest supply.

While all of the abcve proposals may be good ideas for

improvement, some may be expensive and difficult to imple-

ment. Because of Coast Guard Headguarters interest, this

study will concentrate solely on the fifth proposal, the

relocation of the recruiting offices into the 'cptimal'

locations. This presents a challenging problem with

possibly the greatest payoffs relative to the effort and

money expended.

D. OPTIMAL RECRUITING OFFICE LOCATION

There are presently sixty-five Coast Guard Recruiting

Cffices thrcughout the continental United States, Puerto

Rico, and Hawaii. These offices have one to eight recrui-

ters assigned to them for a total of 242 recruiters. Each

office is responsible for recruiting within a geographical

area assigned by Coast Guard Headquarters. This geograph-

ical area is usually defined by a list of counties that make

up the territory of responsibility. lost of the recruiting

is done within a sixty mile radius of the office. There is

no incentive to recruit people of quality greater than a

minimum standard, hence a recruiter can reach the quota

without canvassing the complete territory. The data for

Coast Guard enlistments in FY83 show that most of the appli-

cants and eventual accessions come from only a few of the

counties assigned to a given office. This suggests that

while the Coast Guard may assign most of the counties in the

U.S. to recruiting offices, it cannot be assumed that the

Coast Guard is actually covering the entire country. It may

16
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be safer to assume that the Coast Guard actively recruits in

only sixty-five specific locations. if the Coast Guard does

not iaplement new Folicies which require recruiters to

canvass more of their assigned areas, then the locaticn of

the recruiting cffice becomes even more significant.

The present Coast Guard recruiting office locaticns

appear to he an ad hoc selection based on some unknown

parameters and constraints. There is no documentation

available to explain the locations or thought processes

involved in selecticn. While information as to why the

offices are located where they are is not available, it can

still be noted that location is very important and reloca-

tion may be necessary to optimize recruiting effort and

expenditure. Assuming that most of the enlistees come from

the immediate counties of a recruiting office's territory,

the offices should be placed in locations with large numbers

of highly qualified ycuths that have a propensity to enlist

in the military. While these three factors, good quality,

large number of youths, and propensity to enlist, are not

all inclusive in determining a good location, they are a

good starting point fcr evaluation.

In summary, the Coast Guard realizes that it must

improve its recruiting process to maintain a population of

high quality individuals in a high quality service. Due to

the limited resources for Coast Guard recruiting and the

fact that Coast Guard recruiters concentrate most of their

effort within a small radius of the office, the actual loca-

tion of the office becomes very important. The Coast Guard

Enlisted Recruiting Branch has expressed some concern over

the present locations of Coast Guard recruiting offices.

Some cities without Coast Guard recruiting offices seem to

have a lot of potential and produce well for the other

services, while other cities with Coast Guard offices are

unlikely choices. Fcr example, the Coast Guard has three

17



offices with a total of eleven recruiters in the state of

North Carolina, while there are only three offices and ten

recruiters in all of Southern California. Based on poFula-

tion and the amount of Coast Guard activity in these two

locations, there appears to be some discrepancy in recruiter

location. Discrepancies such as this indicate that the

present location of recruiting offices may not be 'optimal'.

Felocaticn of the recruiting offices is a step towards

improved recruiting. If the offices can be located in areas

that have a large number of high quality youths with a

propensity to enlist in the service then the Coast Guard

should he able to improve the quality of enlistees with less

effort.

18
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II. RECRUITING OFFICE LOCATION MODELS

A. TBE AEMY, AIR FOECE, AND NAVY MODELS

Most of the academic literature on recruiting has

concentrated on the influence of the civilian-military jay

ratio and the civilian unemployment rate. Although these

two factors are obviously significant in forecasting enlist-

ments into the military, they are not all-inclusive. As a

result of recent studies and advancements in knowledge of

military recruiting, the models used by the major services

to predict enlistments have become much more sophisticated.

Many possible variables that influence recruiting have been
identified and tested. Extensive research has resulted in

similar supply models for each of the services.

The major services have divided potential recruits into

two classes, "supply limited," and "demand limited." The

supply limited class consists of mental category I-IIIA high

school graduates without prior military service. These

people rank in the urper 50th percentile on the ASVAB Test

(Armed Services Vocational Aptitude Battery), have graduated

from high school, and do not have any previous military

service. This grcul is considered supply limited because

the number of accessions into the military from this grcup

of people is limited by the supply available and not the

military's demand. In essence, this group of individuals

has teen identified as desirable for military enlistments.

The "demand" class of people consists of the mental category

IIIB and below (lower 50th percentile on the ASVAB Test) or

non- high school graduates and GEDs (graduate equivalency

diploma) , with prior and non prior service personnel

combined. This group appears to be constrained by the limit

that each of the services will allow.

19
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Since the supply limited recruit is the goal, each of

the services has developed an enlistment supply model that

relies on the assumption that the category I-1IA nonprior

service high school graduate is a limited resource for

enlistment into the military. This supply model is used in

making decisions abcut recruiter allocation, budgeting,

advertising, etc.. To describe the enlistment supply model

the Cobb-Douglas function is used [Ref. 5, and 6] with the

general form as follcus:

ac al _a2 Xan
Y = e "1i .12 -'" n (2.1)

where Y represents the supply limited accessions or depen-

dent variable, Xi's are the independent variables repre-

senting the recruiting and environmental factors, and the

ai's are the exponents of e and the independent variables.

The Cobb-Douglas function is intuitively appropriate in

recruiting because of the property of diminishing returns.

The environmental and recruiting factors, or independent

variables, vary with each service. Some of the major

factors found in these models are number of recruiters or

effort, gualified military available (17-21 year olds),

unemployment levels, youth attitude towards the military,

advertising, recruiter experience, office workload, and

previous accessions [Bef. 5, 7, and 8]. While these factors

are not exhaustive, they represent the major ones which are

incorporated into the models. When building these models it

is necessary to avoid using too many factors to describe the

supply function. As Beswick [Ref. 7] points out there are

two possible problems with each factor. First, an appro-

priate measure for each variable must be made. In many

cases the appropriate measure is not obvious. For example,
it is nct obvious what the appropriate measire is for the

youth attitude towards the military. A second problem

20



involves which variables to include in th e model and iEr.nti-

fying the functional interactio., between t .e vari3Lles

chosen. It is for these reasons that a minimal number of

explanatory variables should be used to describe the supply

response.

B. THE COAST GUARD RELATIVE TO THE OTHER SERVICES

As discussed above, the other services use their moels

to assist in making recruiting decisions about recruiter

allocaticn, budgeting, advertising, number o. recruiters,

assignment of recruiting goals, forecasting enlistments,

perfcrmance evaluaticn, and office locations and boundaries.

The Ccast Guard is also faced with recruiting decisions.

However, the recruiting branch does not have a Coast Guard

supply model to assist in these decisions. Because of major

differences such as size, resources, and requirements, the

Coast Guard cannot directly employ one of the other

service's models.

The Coast Guard has very limited resources such as

money, recruiters, and locations. The number of recruiting

offices is a good example to contrast the Coast Guard with

the other major services. The Coast Guard has sixty-five

recruiting offices whereas the Navy has about 1300 and the

Army and Air Force have similar numbers. The number of

recruiters is also significant, but then so is the number of

recruits that each service must obtain. The quantity of

recruits is easily achieved in the Coast Guard as evidenced

by a recent Commandant's Bulletin (Ref. 9], suspending all

enlistments untii 1 Cctober (the beginning of the fiscal

year). For the Coast Guard quality is the major concern.

The present goal of Ccast Guard recruiting is to enlist high

quality white and mincrity high school graduates to maintain

an efficient and effective service. A combination of a few

21
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administrative policy changes and the optimal location of

recruiting offices can be used to obtain this goal.

The optimal location of Coast Guard recruiting offices

presents a challenging problem for a supply model. If a

valid supply model for the Coast Guard can be developed,

then it is possible to rate the potential of any lccation

and subseguently make a decision to place or remove a

recruiting office. As noted earlier the major services use

their supply models fcr various recruiting decisions. Since

the Ccast Guard's goal is to obtain optimal location fcr its

present sixty-five offices and 242 recruiters, the subseq-

uent supply model will concentrate on this specific goal.

C. THE COAST GUARD BEWARD MODEL FOR OPTIMAL LOCATIONS

In developing a supply model for the Coast Guard there

exist several problems which must be overcome. The three

major problems are the Coast Guard quota system and

resulting bias of recruiting data, the restriction of avail-

able Coast Guard data to sixty-five specific locations, and

the limited data available to develop a good model.

The first problem is a result of the Coast Guard's

present quota policy. To determine the quota for a

recruiting office, the Coast Guard starts with a forecast of

the total number of recruits needed for the year. Based on

expected attrition, this number is then divided into twelve

monthly quotas. This figure is then divided by the total

number of recruiters in the Coast Guard to yield a monthly

quota for each recruiter. The luota for each office is

simply the monthly quota per recruiter multipiied by the

number of recruiters assigned to the office. This method

assumes equal productivity amcng recruiters. Since quotas

are usually met, this system does not seem to present a

problem for quartity of recruits. However, an improved

22



quota assignment methcd may improve .;uality of recruits an!

deserves sone consideration. Also, the number of recriits

from each office is directly proportional to the number of

recruiters assigned, hence it is not possible to Evaluate

the pctential of an cffice by using number of enlistments

alone.

To alleviate this problem, the Coast Guard supply model

is altered to become a 'reward' model. The other services'

supply mcdels use number of enlistments as the dependent

variable because this is the number that they are interested

in predicting. Because of the waiting lists to join the

Coast Guard, the Ccast Guard is not as interested in the

number of enlistments as it is in the guality of its enlist-

ments. Decause of the emphasis on quality as opposed to

quantity, it is not necessary to use the number of enlist-

ments as the dependent variable in the Coast 3uard mcdel.

Using this simplifying assumption, the Coast Guard model

becomes a reward function where each office is given a

reward value based on the quality of its recruiting.

The reward functicn developed for the Coast Guard is a

result of subjective weighting of five basic factors;

quality enlistments, quality minority enlistments, total

number of accessions that have survived at least nine mcnths

of service, total number of minority accessions that have

survived at least nine months of service, and total number

of applicants. The quality factor is measured by the total

number of mental category I and II high school graduates

with no prior service that enlisted in a given office. As

menticned before, this appears to be an accepted measure of

quality and this information is readily available. The
quality minority factor is the same as the quality factor

except it records only the minorities in this category. 7he

total accessions (minority and non-minority), that have

survived at least nine months of service is a result of the

23



fiscal yEar 1983 accessions that were still in the Coast

Guard at the time of this study. This measure represents

survivors and therefore good recruits. it also buffers the

hias due to the juota system, since survivors are not

directly proportional to number of recruiters, hence there

is a slightly lower correlation between the two. The final

factor, total number of applicants, is also readily avail-

able and represents a measure similar to total enlistments

for the cther services. Since there is no iuota cn appli-

cants, the total number is not forced to be directly propor-

tional to the number of recruiters, hence a small office

with two recruiters may have more applicants then a large

office with six recruiters. The weighting of these factors

was arrived at by a survey of Coast Guard recruiting experts

and will be discussed further in Chapter I!i below.

The second problem results from having only sixty-five

recruiting offices spread over the entire country. In the

case of the :avy, there are approximately 1330 recruiting

offices throujhout the cointry. With this type of coverage

the Navy has recruiting data for any location that it wav

want tc consider. his allows the Navy to evaluate the

potential of a given office location and then reallczate

recruiters accorfingly. The Coast Guard cannot use its lata

to evaluate the potential of a recruiting oflfice which does

not exist. For examile, there is no way for the Coast Guarl

to use cnl'y Coast Guard recruiting lata to evaluate the

potential cf an office in Anchorage, Alaska, since there is

no office there and !ence no source of Coast Guard data.

Cne jossible solution to this problem is to develop some

r*laticnshi between Coast 3uard recr uitinA and Navy

recruitin3. If therc is a valid relationship, then it would

le possille to evaluate the potential of locations such as

Anchorajs using Navy data. it may be possible to develop a

valid relationship based on the similarities of the two sea
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going services without assuming that the characteristics of

a Navy Enlistee are the same as those of a Coast guard

enlistee. -he psychclogical aspect involved in an indivilu-

ail's decision process for enlisting into either service is

heyond the scope of this study. It is reasonahle to assume

that if the Navy is capable of recruiting good : uality

people for a given area then the Coast Guard should .ave

some relative potential in that area also.

The final problem deals with sparse Coast Guard idata.

Since the Coast Guard enlists only between 4000 and 610.9

recruits each year, the resulting recruiting data is very

limited. 7or example, the number of -uality minorities pec

office has a range of zero to five for fiscal year 19E3,

with mcst of them falling at zero, one, two, or three. As a

result an increase by one or two in this category of recruit

brings about a 100 tc 200 percent increase in the value of

this variable. This can cause difficulties when rearessing

against some weighted value of this variable. This sparse

data is compounded by recruits that come from outlying coun-

ties of a recruiting office territory. For example, the

Cmaha recruiting office has a territory of about ninety

counties throughout Nebraska. From these ninety counties

the two ccunties which are in the immediate vicinity of the

office produce about seventy percent of the recruits. it is

reasonable to assume that most of the recruiting effort is

concentrated in thesE two counties, hence the remaining

counties are not actively recruited by the Coast Guard. In

comparing the Coast Guard with the Navy, it is necessary to

compare cnly these twc counties since they are the cnly two

that the Coast Guard makes an effort to recruit frcm. If

* all ninety counties were compared then the results would be

misleading because the Navy has offices and actively

recruits in some of these counties that the Coast qiarl

cannot ccver. In the case cf Cmah,-, there is a loss of

25

S



about thirty percent of the data by using only the two coun-

ties fcr comparison tc the Navy. This loss summed up over

all locations results in a much smaller amount of useful

data. The overall effect is that the useful Coast Guard

ddta is very limited and the relationship that is developed

through regression with Navy recruiting data should be

treated with caution.

Keeping in mind the three major problems as mentioned

above, Coast Guard quota system, limited number of loca-

tions, and limited amount of useful data, a Coast Guard

'reward' model can be developed. The model is a multiplica-

tive model with the dependent variable defined as the reward

assigned to each office and the independent variables are

the relevant Navy variables, and number of Coast Guard

recruiters. The Coast Guard quota system and interest in

quality justifies the use of a reward value for each office.

For examrle, the Coast Guard would prefer an office that

produces many category I and II, and minority category I and

1I accessions with only a few recruiters, over an office

that requires many recruiters to produce only a few category

i and II, and minority category I and II accessions. It is

reasonable then, tc evaluate each office based on some

reward level as a function of the quality of accessions

obtained.

The limited number of Coast Guard locations results in

using the Navy data as the most convenient set of indEpen-

dent variables. This Navy data is readily available ani is

logically relevant to the problem at hand. It is reasonable

to assume that there is a correlation between Navy and Coast

Guard recruiting results. Using the reward value to regress

against the Navy data results in the following model:

Reward = f(Navy data, 4 of C.G. Recruiters) (2.2)
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It is this reward mcdel which will subsequently be used as

the driving force in determining the optimal location. The

Cfinal prcblem of the limited amount of useful Coast Guard

data suggests that any decisions based on this model must be

treated with caution.

D. OPTIMAL LOCATIONS VIA THE REWARD MODEL

To determine the cptimal location of recruiting offices

for the Coast Guard there must exist a valid reward model.

Assume this model is cf the form

R = f( X1 , X2 , ... X , d )(2.3)

where the X's are the various explanatory variables

mentioned earlier and d is the decision variable, number of

recruiters. Then it is possible to use this function as a

recruiting decision aid. The first step in applying this

model is to define the problem in terms of the model. Since

the Coast Guard wants to optimize their recruiting cffice

locations the logical step is to optimize the reward func-

tion of all the Coast Guard recruiting offices as follows:

N
Max 7 R. (2-4)

where Pi is the reward for office i and N is the total

number cf recruiting offices under consideration. To

complete the problem there must be some constraints added to

the system or the solution might result in a office at every

locaticn considered.

The constraint for the Coast Guard's problem is the

total number of recruiters available in the Coast Guard.

This number is 242 at the present time with an additional

constraint that there must be at least two and not more than

six recruiters in any office. Tnis second constraint is a
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result cf administrative requirements. The resulting

problem may be described as follows:

N
Max R (2.5)

N
s.t. d i = 242

i=1

2<d 6 for all i.

where di is the number of Coast Guard recruiters for office

i. Given this formulation, the 4uestion remains of hcw to

solve it.

The method used for the Coast Guard problem invclves

applying a dynamic prcgramming technigue similar to the one

used by Beswick [Ref. 10] in an application for Air .orce

recruiting. In the Air Force problem, Beswick proposes a

"response function" as follows:

r. az (2.6)1 1 1+ C

where

r = number of reservations in office i,

W z = all of the explanatory variables for office i with

the exception of recruiting effort,

t = man-months of effort in office i, and

C = a constant.

This multivariate response function was derived using a

non-linear regressicn method. Beswick then applied a

dynamic programming algorithm with t , man-months of effort

in each office i, as the decision variable to solve the

problem given by equation 2.7 , where T is the total number

of Air Force Recruiters.
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n

(2.7)Max / r.

C ll

s.t t. 12T
1=1

A ccmparisor of Euations 2.5 and 2.7 shows twc very

similar -rohlems. 'c aprly the dynamic programming method

to the Ccast 3uard prcblem there are a few adjustments to he

made. First the reward model must be a function cf Coast

Guard recruiting effcrt (i.e. Coast Guard recruiting effort

must he cne of the explanatory variables). As a result the

rewdrd Eodel aay be written as follows:

R Z da (2.8)
Ri = idi

where

Fi = the reward at office i,

Zi = a value determined by the Navy explanatory vari-

ables for office i,

di = the number cf Coast Guard recruiters for office i,

and

a = the exponent for di derived from the regression.

Because of the relatively small number of Coast Guard

Recruiters, the variable d was chosen as the number of

recruiters for an office instead of the man-month effort or

some other percentage of recruiting effort. Since d is the

decision variable and must be an integer, the resulting

dynamic programming algorithm must result in an integer

solution. The added constraint of at least two and not more

than six recruiters Eer office is also incorporated in the

dynaric Erogramming sclution.

Assuming a valid reward model, the application of the

dynamic programming algorithm should produce a list of

2
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cffices with the ccrresponding number o f recruiters that

will maximize the total reward for the Coast Guard.
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III. MODEL ESTIMATION

A. IDEAL CONDITIONS

Tc develop a gocd reward function it is necessary to

define and understand the model. As mentioned before, a

multiplicative factor model will be used to describe the

reward function for Coast Guarl recruiting. This type of

model is intuitively convenient since it allows the case of

diminishing returns cf reward as a function of effort.

Several studies on market response to sales force have

concluded that there are diminishing returns as a function

cf effort as shown in Figure 3.1 (Ref. 11, 12, and 13].

100 PERCtLN

RLCRUIriNG EFPoRI

Figure 3.1 Beward as a Function of Effort.
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Assuming that this multiplicative factor model is appro-

priate, the first step to building the model is identifying

all possible components. It is hypothesized that the rewari

function is affected by both environmental-demcgraphic

conliticns and recruiting system factors. The first set of

conditions, environmental-demographic, are not directly

contrcllable by the Ccast Guard; however, recruiting office

location can be adjusted to optimize these conditions. The

second set of factors, those of the recruiting system, is

more directly contrclled by the Coast Guard within the

limits of budget constraints and Congressional rulings, and

therefore should be heavily scrutinized to insure effective

recruiting.

The Coast Guard recruits heavily from the age group of

6 17-21 years old, hence the relative number of youths in this

category should have a positive influence on recruiting.

This group is commonly referred to as the "qualified mili-

tary available" (QMA), the youths in the age group of 17-21,

that are physically and mentally qualified, and availatle

for military service [Ref. 5]. This factor, QMA, is ccnsid-

ered an important factor in the supply models of all the

cther services and provides a good starting point in identi-

fying geographic areas with gcod potential (Ref. 5].

Another important environmental factor is the local

unemployment rate. Several studies indicate that high unem-

ployment has a positive effect on recruiting [Ref. 5, 8, and

14]. This is intuitively reasonable since people will turn

towards a secure inccme, the military, during hard econozic

times. This effect was quite evident during 1982 when the

unemployment rate vas high throughout the country and

recruiting was good for both -uality and ;uantity for all of

the services.

The civilian-military pay ratio is another economic

factor which influences recruiting. When this ratio is
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high, meaning higher civilian pay relative to the military,

the effect on recruiting is negative. Although this rela-

tionship is expected, the possible interaction with unem-

ployment must be considered if both factors are included as

explanatory variables in the model.

Youth attitude tcward the military is another environ-

mental factor which cannot be controlled. Recent surveys

indicate that the 1cpularity of the military is on an

upswing from a very low level reached during the Vietnam era

[Ref. 15]. While popularity has a positive effect on

recruiting, as would be expected, this popularity is not

consistent across the country. Different regions seem to

experience different levels of popularity. The annual Youth

Attitude Tracking Study (YATS), divides the country into

sixty-six regions with a rating for propensity to enlist

into the military. Uhile some of the services include this

as an explanatory variable !or their supply models, the

Coast Guard will not include it because the rating is based

on a survey of propensity to enlist in one of the other

services. The survey excludes the propensity to enlist in

the Coast Guard, and it is not clear how this measurement of

attitude towards the military would fit into the Coast Guard

reward mcdel.

Possible recruiting system factors which affect

recruiting include: office workload, advertising, the

programs offered, recruiter experience, and number of

recruiters, just to name a few. For the Coast Guard rewarl

model, the number of recruiters assigned to a geographical

area will be the cnly explanatory variable from the

recruiting system factors. This factor, number of recrui-

4 ters, is considered one of the most iwportant variables

related to recruiting and is the easiest to quantify for

each geographic location. The other recruiting system vari-

ablies are hard to define and even harder to measure. For
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the pur~cse of this study, the number of recruiters assijned

to a location will be s$nonymous with recruiting effort for

that location.

In a study done for the U.S. Army by General Fesearch

Corporation [Ref. 5], the explanatory variables for their

cross sectional supply model included QMA, unemployTent,

attitude towards the military, advertising, nurber of

recruiters, and numler of canvassers. This represents one

set of explanatory variables which were considered a~pro-

priate fcr the prediction of Army enlistments. These vari-

ables would be nice to consider in the Coast Guard mcdcl,

however the construction of the reward model, the avail-

ability of the data, and the ultimate use of the mcdel,

dictates that the Ccast Guard Reward Model use a different

set of explanatory variables.

B. DATA AVAILABLE

Since the goal cf the reward model is to predict the

recruiting reward for geographic locations both with and

without Coast Guard recruiting offices, it is hypothesize!
that the performances of Navy recruiting efforts can be used

to predict the performance of Coast Guard efforts. If this

hypothesis is true, then it will be possible to predict the
reward cf geographic locations for present and pctential

Coast Guard recruiting offices. Using Navy data to predict

Coast Guard potential allows the prediction in areas where
there is no source of Coast Guard data and also overcomes

the problems caused ly a lack of detailed Coast Guard data.

Even for the locations where the Coast Guard has recruiting

offices there is a lack of good differentiable data beycnd

that of total enlistments (i.e. there is no division into

mental categories or minority mental categories, etc.).
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The data used for this study were obtained from the

Defense Ianpower Data Center (D'IDC) The DMDC provided loth

Coast Guard and Navy data for fiscal year 1983. :he lata

included information such as; home of record FIPS (Feeeral

information Processing Series) code, highest year of eduza-

tion, race, AFQT sccre, service of accession, and Coast

Guard recruiting office, for each applicant of both

services, Ccast Guard and Navy. These data were then manip-

ulated into number of applicants, mean AFQT of applicants,

mean AFQT of accessicns, namber of accessions, number of

cateycry i and II accessions, number of category I and Il

applicants, number of minority category 1 and iI accessions,

number of minority category I and II applicants, the number

of minority accessions, and the number of minority appli-

cants fcr both of the services. This list of variables of

Coast Guard data would become the possible components of the

reward value for each location, while the Navy data vari-

ables alcng with the number of Coast Guard recruiters at

each office would beccme the explanatory variables. In the

case of Coast Guard accessions, the number registered for

each office represents those enlistees that survived at

least nine months of Coast Guard service. This was a hidden

bonus since the number of accessions represents survivcrs

and, hence, is an aspect that should be rewarded.

Initial review of the Coast Guard data for the various

categcries suggested that some of the data values were

suspect. A closer ccmparison of numbers that are maintained

by the Coast Guard Had juarters Enlisted Recruiting Branch

revealed that many of the values obtained for tne sixty-five

locations are in errcr. Elimination of the invalil data

points resulted in thirty-four locations on which future

calculations and estimations would be based. There was no

reasonable explanaticn for the inconsistent data results;

however, it is hypotiesized that the Coast Guard's reortinj
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procedure to the DMDC may have resulted in some offices Lot

receiving full credit for their recruiting efforts. T he

loss of almost half of the original data suggests that

caution should be used when drawing conclusions from any

subsequent results. It is also possible that the remaining

data way have errors that could not be checked due tc the

lack of detailed data maintained by the Coast Guard.

After the invalid data were eliminated from the data

set, the first step involved exploratory data analysis. A

scatter plot of each variable mentioned above was made

against each of the other remaining variables for both Coast

Guard and Navy data. In addition the correlation coeffi-

cient was recorded for each comparison. This made it

possible tc get a better overall understanding of the data

and to identify outliers and relationships within the data.

Obvious relationships such as Navy applications versus Navy

accessions appeared as nearly straight lines, suggesting

that a strong relaticnship between these variables exists.

The resulting correlation coefficient of .94 supports this

conclusion. It is necessary to be aware of these possitle

interactions since it is not desirable to include twc expla-

natory variables that are strongly interrelated.

This exploratory data analysis was also useful in iden-

tifying the most desirable variables to include in the model

for further analysis. The independent variables that

appeared to be significant were number of Coast Guarl

recruiters, Navy accessions, Navy category I and iI acces-

sions, and Navy minority category I and II accessions. The

overall view of the data also proved helpful when analyzing

the subsequent regression results. A final result of the

exploratory data analysis was the confirmation of the fict

that the Ccast Guard data was noisy.
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C. THE VARIABLES USEr IN THE REWARD IODEL

Although there are some limitations on the variables

considered for the reward model due to a lack of data, there

still exists a substantial set of possible variables to

represent both the dependent and independent variables of

the model. The dependent variable in this model represents

the reward assigned to each office. This reward will be

discussed in detail in the next section following a close:-

look at the five variables that make up this single reward.

These five variables include applications, accessions,

category I and II accessions, minority category I and !I

accessions, and minority accessions, all with respect to the

Coast Guard.

The first variable, applications for the Coast Guard, is

measured by those individuals that pursued the application

process to at least the level of taking the ASVAE test.

This eliminates the people who simply fill out a form or two

without any real interest in making a commitment. It is

hypothesized that an individual who sacrifices the time to

fill out the applications and take the ASVAB test is a

genuine candidate for enlistment, whereas someone who merely

contacts the office cr picks up some brochuares is nct neces-

sarily a serious candidate. The number of these applica-

tions is not limited by any quota system and is not directl -

proportional to the rumber of recruiters, hence an office

that gets many serious applicants may represent a location

with very good potential. It will be assumed that the

potential of an office is positively related to the number

of applicants at that office and, therefore, an office will

he rewarded with respect to the number of applications

• received.

The next variable to be incorporated in the reward is

the rumher of accessions for each office. It has been
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pointed out that, due to the quota system, the numbEr of

accessions for each office is directly rroportional tc the

number of recruiters. Because of this proportionality, it

is not appropriate tc use the number of accessions as a

dependent variable while using the number of recruiters as

one of the explanatory variables. Because Cf this relation-
ship, the number of accessions will be measured hy those?

individuals who entered the Coast Guard in fiscal year 1933

and remained on activE duty until the time of this study,

minimum of nine mcnths service. This measurement was

achieved hy DMDC through a cross comparison of individuals

on active duty at the time of this study with those individ-

uals who enlisted in fiscal year 1983. As a result, the

modifiel number of accessions represents individuals who

6 have survived the period of highest attrition (through boot

camp), thus representing good recruits relative to time and

money involved from the signing of the enlistment contract

to the time of reporting to their first duty assignment.

This measurement also buffers the proportionality between

number of recruiters and number of accessions which is a

desired effect. Since recruits that survive at least nine

months of service represent a desired commolity, a large

number of these accessions implies a good recruiting loca-

tion, hence each office should be rewarded with respect to

the number of these accessions.

Another variable considered to be a reward is the number

cf minority accessions into the Coast Guard. Again these

minority accessions represent those minority individuals who

have survived at least nine months of service. he Coast

Guard has a goal of at least twenty percent minority enlist-

ment each year. In order to reach this goal, the Coast A

Guard has allocated a large number of resources in an

attempt to recruit more minorities. It is more difficult to

recruit minorities that meet the minimum Coast Guard
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standards than it is non-ninorities. For this reascn it is 4
assiMEd that an office that is able to recruit nil.orities

should he rewarled accordingly; hence, a positive reward is
assigned to each mincrity accession.

The final two reward variables are the category 1 ard i1

accessions and the zinority category I and !I accessions.

These are measured by accessions that survive nine months of

service, have a AFQT score greater than sixty-four, and a

high school diploma. These accessions represent ;ualitv

accessions based on their mental category and education

level as discussed previously. Since rhe ultimate gcal is

to improve quality while maintaining the appropriate :uan-

tity, it is assumed that the quality of recruits from eac:
office should play a major role in the reward to that

office. Again, these quality accessions are not hiased by

the Suota system.

T-he explanatory, or independent, variables for the Coast

Guard model are all measures of Navy performance in the

various categories and the number of Coast Guard recruiters
at each location. The Navy variables are the same as the

five variables mentioned for the Coast Guard with the excep-

tion that they represent the values obtained by the Navy in

each location. The number of Coast Guard recruiters is

important since the recruiting results are a functicn of

effort. Since the hypothesis is to use Navy performance to

Fredict Coast Guard potential it is reasonable to use

similar measures of Navy performance to predict Coast 7uard

potential. If there is a positive relationship between Navy

and Coast Guard recruiting, then the Coast 3uard should be

willirg to allocate resources in locations where the Nav%

does Wel! and compete for the relatively few accessions that

are rECuired.

The explanatory variables mentioned above represent a

starting point for the model. The process of steFwise

39

'i



-A

regression will eliminate those variables that are not truly

Explanatory and will keep those that are. -t is necessarv

to begin with variables that have some apriori justification

for being in the model to avoid predicting within a given

significance level using some unrelated variable.

D. REWARD ASSIGNMENT

As previously mentioned, this study is using a "reward

model" instead of a "supply model" because the ultimate goal

is quality not quantity. This reward theory is also a

convenient buffer for the guantity bias created by the Coast

Guard quota system. To develop a reward value for each of

the offices with data, it was necessary to survey scme

recruiting experts to determine which categories were the

greatest assets to the Coast Guard. Once the categcries

were ranked from most important to least important, a

subjective weighting was given to each variable to differen-

tiate the levels of significance. It is assumed that these

recruiting experts are making the decisions for the Coast

Guard recruiting system, including those regarding the

quality of recruits. Hence, their subjective ranking and

weighting of the reward values should be consistent with the

quality goals of the Coast Guard.

The reward (dependent variable) assigned to each office

is defined by the following equation:

R = APP + 2(ACC) + 4(CATAC) + 4(CATAC) +3(MINAC) (3.1)

where APP = number of Coast Guard applications,

ACC = number of Coast Guard accessions,

CATAC = number of Coast Guard category I and !I

accessions,

MCATAC = number of Coast Guard minority category I

and II accessions, and
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iMINAC = number of Coast Guard minority accessions.

It should be noted that each category is mutually exclusive

of the others (i.e. APP represents applications above and

beyond the other four categories). The weighting cf these

rewards is intuitively reasonable since the highest rated

reward is quality. Both minority and non-minority quality
are weighted on an equal basis. This suggests that improved

quality is more impcrtant than increased minority acces-

sions, since minority accessions are rated second highest.

This is followed by regular accessions because the mircrity

recruit is more difficult to obtain than the non-min.ority,

hence a higher reward should be given. The final variable

is applications. This variable is appropriate to include

because it represents a potential recruit. These applicants

pursued the enlistment process to a level indicating sincere

interest. Poor recruiter performance or a long waiting list

are possible reasons for an applicant not enlisting in the

Coast Guard. This suggest that applicants are valid indica-

tors of potential recruits.

E. INITIAL REGRESSICN USING STATISTICAL ANALYSIS SYSTEM

Once the list of independent variables was identified

and the dependent variable (reward) was defined, the actual

estimaticn of the parameters and the determination of the

independent variables which would remain in the model was

conducted. The statistical technique chosen was a stenwise

regressicn package available through the Statistical

Analysis System (SAS). A review of the reward model

aO al a2 an aR. =e " .. d (2.2)
li X2i " .n i

reveals that a logarithmic transformation must be completed

before estimating the parameters using a linear stepwise

regression. The transformation results in the following

Equation:
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where Ri = the weighted reward value for office i, and
Xi

X2i

= the explanatory (independent) variables.
Xni

di

Once this transformation is made, it is 7ossible to

apply linear stepwise regression to estimate the parameters;

ao,al,a2,...,an,a. Several regressions were conducted on

the data with various combinations of independent variables

and various weighting of the dependent variable to measure

the sensitivity of the model under varying conditions. In

addition, the level of significance for the independent

variable ertry into the model was varied to ensure that all

possitle factors would have a chance to be considered.

F. REGRESSION RESULTS

The stepwise regression for the tnirty-four locatians

resulted in the following equation:

in(R.) = 4.41 + .12 in(NACC.) + .49 in(d.) (3 4)1 "1 i 1

where NACC = number of Navy accessions at location i, and

di = number of Coast Guard recruiters in location i.
Taking the inverse log of Ejuation 3.4 results in the

folicwin9 multiplicative model.

12 .49 3 5

R 82.3 NACC: 1 4 (35)i 1 1

As can he seen in Equation 3.5, the prediction model is

defined with only two explanatory variables. The presernce

of the 'di' variable is expected, because it is assumed to
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he the mcst important factor influencing recruiting, ard it

is this 'di' variable which will subsequently determine the
allocaticn of recruiters. The NACC variable implies that

the Coast Guard reward has some positive relationship with

the total number of Navy accessions. The elasticity of this

variable is represented by the .12 exponent. Since the NACC

variable is not highly correlated with any one of the depen-

dent variables it is reasonable to include it in the mcdel.

To expound any further upon these variables seems inappro-

priatE when considering the possible invalid data. It

suffices to note that each of the explanatory variables had

an apriori justification.

Closer investigation of the regression results shows an
P2 of about .63. This is considered a fair value when

dealing with guantitative social data. However, caution

must be used when making conclusions based on a large RZ,

because the independent variables may make only a statis-

tical explanation and not the desired causal explanation

[Ref. 16].

The F probabilities for d and NACC were .0001 and .0058

respectively. These values imply that there is only a .01

percent probability that the d appears as an explanatory

variable by chance and likewise a .58 percent probability

for NACC. These are both very good significance levels and

suggest that both variables have been appropriately selecte!

as explanatory variables.

The variable that the model attempts to predict, reward,

was arrived at subjectively, hence to construct a very

complicated model with several explanatory variables could

not be justified as any better than the model above. The

results do suggest a relationship between Coast Suard potEn-

tial an] Navy performance, which deserves further investiga-

tion. it seems that a better model could be obtained if the

Coast Guard could provide the necessary accurate data. :he
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remaining steps in determining the optimal Coast Guard

recruiting locations will be carried out under the assump-

tion that the above mcdel is valid.

0
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7I
IV. DETERMINING OPTIMAL LOCATION WITH DYNAMIC PROGRAMMING

A. PRCBIEN STATEMENT

Since this study attempts to determine the optimal loca-

tions for recruiting offices, the problem will be defined in

terms of the goals and constraints placed upon the Coast

Guard Recruiting Branch. The present budget constraints for

Coast Guard recruiting allows for 242 recruiters and sixty-

five cffices, and the money for these resources is assured

to be available in the following years. It is also assumed

that the fixed cost cf an office is the same for all loca-

tions. Hence, for each office closed, a new one will be

opened so as to maintain sixty-five locations. For adminis-

trative purposes, the Coast Guard desires to have a minimum

of two and not more than six recruiters per office. This is

to facilitate leave, continuity during transfers, keeping

the office open while one recruiter is on the road, etc. if

the objective functicn of the problem is defined by maxim-

izing the reward at each office, where the reward is

predicted by the reward model, then the problem can be

4formulated as follows:

"- (4.1)
Max .(.)

i=l l 2

N
~t. Zd 242

1=l

2 d. --6 for all 1,

= 65, an3

d = an inteaer.
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For the purpose of this study, the Coast Gu rl

Eecruiting ?ranch sulied a list of eleven potentiai loca-

tions to pcssibly replace present offices with the least

desirable reward. These locations were picked hased on

several logical characteristics iLClUling Coast Guard visi-

bility, population, relative location to existirg Coast

Guard facilities, etc. This study lookei at the seventy-Zix

locations, sixty-five existin4 ani eleven potential sites,

eliminatel the eleven locations witi. the lowest predicte!

rewards, and determined the recruiter allocation necessary

to optizize the reward of the remaining si::' -five

locations.

B. TEE APPLICATION CF DYNAMIC PROGRAMMING

* The mathematical programming problem proFosed in

B!uation 4.1 is depicted as a dynamic programminj problez. in

Figure 4.1

2-d S6, X
n n

In n n
L I

V 'V

= daI
n n r

Figure 4. 1 Dynamic Programming Formulation.
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where di = the integer decision variable, number of

recruiters at office i,

Xi = the total rumber of recruiters availahle at

stage i, the dynamic programming state variable,

N = total number of stages (65), each stage represents

a recruiting office,

Ri = the reward for office i.

As discuszsed earlier, Ei is the reward function developed ih

Chapter III, where:

- , "  (4.2)

Each 2i is a predetermuned value from Ejuation 3.5 . This

value liffers among recruiting offices but is constant with

respect to a given office.

The recursive equation for solving this problem is

f :: ) =: ,x (. - (V1 )) i = 1, 2, .. ", (~
": - ",-' -i . .. (4 .3)

X= :< -d =1, ,.. , and

it may be noted that the constraint of maintainin3

exactly sixty-five cffices is not accommodated in this

modtl. One possible solution to meet this constraint is to

add another decisio. variable to the dynamic programming

formulation. This decision variable, in addition to the

decision, 'di', number of recruiters at office i, would be

an indicator type variable, where the value one would repre-

sent the decision to have an office at the given stage loca-

tion anJ a zero would be the decision not to have an office.

This indicator variable would be constrained such that the

sum of the indicators would equal sixty-five. hile the
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addition of a decision variable arA correspon iing state

variable is feasible, it is undesira.le because of the

resulting increase in dimensionality of the dynamic program-

ming problem. The number of computations rises expcnen-

tially with each state variable, hence the problem can

become prohibitive as variables are added. In the snail

problem attempted in this study, the size can be handlel

with the added variables, however it is not necessary if the

simplicity of the reward function is exploited to account

for the 'number of offices' constraint.

Review of Equaticn 4.2 shows that the reward function

for each office is a convex function. Each of the seventy-

six locations considered has a unilue Zi value, a constant

for that office. It can be shown that the eleven locations

* with the smallest Zi value can be eliminated from the

problem and the resulting solution obtained from the

remaining sixty-five locations and the single decision,

sinyle state variable model, will have the same optimal

solution obtaired frcm the dynamic programming problem with

the additional decisicn and state variables. This can be

proved by showing that an office eliminated from the solu-

tion of cne recruiter per office (i.e. sixty-five recruiters

dvailate), will not return to the solution as more recrui-

t- rs (resources) are added, while maintaining the limit of

sjxtv-flve cffices. This may be stated in the following

Wd V/.

*Ic th-: total number of recruiters available for alloca-

tion is Eixty-five and only one recruiter may be assigned to

ar. jffic, then the sixty-five offices chosen to optimize

the totil reward will be the same offices that optimize the

1jroblem for 242 recruiters and a limit of sixty-five

offices. 7o see this let R1(k), R2(k), ... , R76(k) be the

reward values for each office if k recruiters are assigned

to the cffices. Let S be the set of offices eliminated from
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the protlem with a resource of 65 recruiters, where one

recruiter is allocated to each of sixty-five offices cut of
seventy-six total offices. Then S is the set of offices

with the eleven lowest Zi values. To confirm this it is

necessary to note that if Ri(1)< Rj(1), then Ri (k) . Bj (k)

for all k. If this were not so, then the optimal solution

with a constraint of 242 recruiters and 65 offices could

include an office in set S. That is: Ri(k) > Rj(k) where i

represents an office eliminated in the 65 recruiter, 65

offices -roblem, and j is an office included in this 'one

recruiter per office' case. But this is not possible

because: i = Zi * di .49 and if Zi*1 .4 Zj*I .49 then Zi*k

.49 < Z j*k .49 must be true. Hence, the additional state

variable and decision variable can be avoided by eliminating

the eleven lowest Zi offices and solving the suIsequent

dynamic programming problem using the remaining sixty-five

locations. The final step determines the optimal allocation

of recruiters for the best sixty-five offices. The

resulting problem fits the description in Figure 4.1, and

can be solved using cnly one state and decision variable,

the number of recruiters.

C. ICN-INTEGER SOLUTION

Before discussing the dynamic programming technique used

for solving this problem, it is worthwhile looking at a

non-integer dynamic programming algorithm which results from
the convex nature of the objective function in this prchlem.

While the optimal solution of this technique does not

provide integer results, it dces provide valuable insight

into the process, gives an approximate estimate as a deci-

sion aid, and is very simple and easy to implement using

existing Coast Guard resources.
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Assuming that the Zi is greater than zero for all i, it

can he shown [Ref. 17:, that the following recursive e(-ua-

tions represent the optimal allocation decision for each

stage.

d. = Q Xi (4.4)

0 = K. (4.5)

where,
(2. /K Ell /(i-a)

1i (i6)Qi = ,i = 2,3,.... N; Q1 -4

1 + Z K

(4.7)

Ki= Zi + K (l i i = 2,3,... ,N; K = Z

These simple recursive equations can be programmed on

the Coast Guard's C3 computer to provide a readily availatle

decision aid for future use by the Coast 3uard Recruiting

Branch. Although the above algorithm will not provide an

integer solution, it may be a valuable tool sufficient for

Coast Guard requirements and budget constraints. Assuming

that any reward or supply model developed from quantitative

social data will only provide an approximate decision aid,

the non-integer solution may be a more reasonable approach,

based on its simplicity. Once this program is impleMented,

it can be adapted for annual redistribution of recruiters at

already established offices, assigning quotas to offices,

evaluating recruiter performance, and several other oFti-

mization schemes which may be of interest. These aplica-

tions are valid assuming a valid reward function can be

*I derived.

Althcugh this methcd does not give an integer solution,

the Frogram was written and tested (without the constraints

on d) for the prcblem described in this paper. The optimal
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solution ohtained was not the same as the integer solution

for chvicus reasons, however the relative implications were

C71 consistent to those cttained in the integer 6olution. As a

decision aid, the non-integer solution appears to he helpful

and may .e sufficient for Coast Guard requirements.

D. THE INTEGER SOLUTION USING DYNAMIC PROGRAMMING

.he first step, before applying dynamic programming, was

to identify the geographical locations of the eleven pcten-

tial offices. These locations provided hy the Coast Cuar-.

Fiecruiting Branch, were designated by the major city within

the area and are listed in Talle IV

TABLE IV
Potential Coast Guard Recruiting Office Locations

Anchorage AK
Mcnterey CA
Santa Barbara CA
Orlando FL
Savannah GA
Passaic NJ
Cclumbus OH
Oklahoma City OK
Charleston SC
Kncxville TN
Salt Lake City UT

To determine the boundaries of the locations, the

MetroFolitan Statistical Areas (ISA, formerly known as

Standard :etropolitan Statistical Areas or SMSA's) were

usel. The NSA's were defined and published by the Cffice of

Management and Budcet (OMB) in June of 1983. These

geographical areas represent metropolitan areas

"...ccnsisting of a large population nucleus together with
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adjacent communities an, areas having a hig. deree of

ec ec o n ic a n, I socia. inte ratlon w it t.at n uc1us."

[Ref. 13'. The CIE' has specific rules to tet r ine the

Sualification of an area as an MSA as follows:

1. A city of at least 50,903 Lopulation, or

2. An urbanized area of at least 5,933 with - total

metrcpolitan Ecpulaticn of at least 130,333.

CIB established these MSA's "...to enable all Federal

statistical agencies to use common definitions when studying

metrotolitan characteristics." [Ref. 18]. :t is assumel

that the MSA represents the most logical chcice 'or

geograFhic houndaries for the researcher without s-eci fic

location kr.owledge.

Once these houndaries were decided, it was possibe to

evaluate thE Zi value for all seventy-six locations. The -i

were estimated using the reward model levelopel in Chapter

11, Equation 3.5 and are shown in Table V The E!even

locations with the lcwest Zi values were drDpped from the

prohlem. These office locations are listed in Tahle VI

It is interesting to look at the offices whicrh have been

eliminated. However, to draw conclusions without further

investigation of the data mav result in erroneous decisions.

San Francisco, for example, seems li.e an ir ely choice to

elinirate. This may have resulted from poor lati (i.e. the

San Jcse office receiving credit for the San Francisco

office), or it may be that San Francisco is not the Llace to

he for recruiting into the Coast 3uarj. Sa7e of the cther

locations that have been eliminated coincide with intuiticn,

such as Helena, 3oise, Yakima, and lonterey. iowever, it is

again necessary to investigate further, In lijht of the tara

used in this study.

ThE remaining sixty-five locations were us_2 in a

dynamic Frogzamming iackage to determine the optima alloca-

tion of the 242 recruiters. The solution aroduc F as

integer values as desirel ani can be seen in lao1! VTI
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TABLE V

Zi Values For All Locations

Lccationr zi Value
Pcrtlan] M7' 162.3Bostcn MA 189.6

Prcvidence RI 165. 4
New Eedfor! Ma 168.7
anchester NH 157.4

Worcester MA 163. 7
Scrin field M A 164.5
Pitts ur- PA 173. 1
Cincirnati OH 131.3 1
Louisville KY 164..8
St Louis MO 192. 1
Memphis TN 175.2
Minneaiolis 1N 168. 3
Kansas City MC 172.2
Omaha NE 153.6
Denver CC 132.2
New York NY 209.7
Freeport NY 189. 4
Newark NJ 202.9
Philadelphia PA 205. S
Wilkes-Barr PA 177.3
Hartford CT 191.3
Altany NY 164. 3
Harrishurg PA 176. 6
Norfolk VA 170.2
Salislury !D 135.5
Richmcnd VA 179.0
31on Eernie MD 178.0
Alexandria VA 142. 6
moreLead City NC 170.4Saleich NC 153.0
3reensboro NC 166. 3
Roanoke VA 146.6
:Iiami FL 187.9
Jackscnville FL 178. 3
Tampa nay FL 183.3
Atlanta GA 135.7
Birgingham AL 170. 8
'.ohi!e AL 180. 3
New Orleans LA 175.2
Jackscn MS 146. 1
Hcustcn TX 191. 1
Dallas 7X 180.
San Antonio TX 183.6
Alhu ]uEr,ue N41 192.4
Duffalo Y 179.3
Cleveland C 188. 9
Detroit 'i 201.
Niles 1L 199. 1
Milwaukee WI 160. 1
2 .cenix A. 183.U
San Dirio CA 14.1.8
Ercinc CA 166. 3
Cerritos CA 207. 2
San Francisco CA 142. 6
-an Jce CA 163.4
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lable V (cont'd.)

Zi Values For All Locations

Location Zi Value

Sacramento CA 189.6
Helena MT 118.5
Boise ID 136.1
Spckane WA 152.4
Yaki m a WA 137.0
Seattle WA 171.6
Portland OR 163.7
San Juan PR 153.1
Honolulu HI 155.7
Savannah GA 136. 1
Charleston SC 164.0
Salt lake City UT 147.1
Mcnterej CA 138.3
Knoxville TN 154.2
Oklahcma City OK 155.7
Santa Barbara CA 165.5
Orlando FL 157.3
Columbus OH 158.2
Passaic NJ 165.4
Anchorage AK 219.0

LI

TABLE VI

Lowest zi Values

Existing Offices Potential Offices !
Salisbury MD Savannah GA -i

Alexandria VA Salt Lake City UT I
Roanoke VA Monterey CA
Jackson MS
San Francisco CA
Helena MT
Boise ID
Yakima WA

The solution shown in Table VII represents the optimal

allocation of 242 recruiters over the sixty-five best
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TABLE VII

Optimal Allocation of Recruiters

Location 1984 Optimal Char.e

Portland ME 3 3 3
Bostcn MA 5 4 -1
Providence RI 3 2 -1
New Bedford Ma 2 4 2
Manchester NH 3 3 0
Worcester MA 2 3 1
Springfield MA 4 4 0
Pitts urg PA 4 4 0
Cincinnati OH 4 4 0
Louisville KY 3 3 0St Louis M O 4 4 0
Memphis TN 3 4 1Minneapolis MN 3 3 0
Kansas City MC 3 4 1
Omaha NE 3 3 0
Denver CC 3 4 1
New York NY 5 5 0
Freepcrt NY 4 4 0
Newark NJ 4 5
Philadelphia PA 6 5 -1Wilkes-Barr PA 3 4 1
Hartford CT 5 4 -1
Altany NY 3 3 0
Harrisburi PA 5 4 -1
NorfolkV 6 4 -2
Salisbury ID 2 0 -2
Richmond VA- 4 4 0
Glen Eernie MD 4 4 0
Alexandria VA 4 0 -4
MorEhead City NC 4 4 0
Raleigh NC 2 3 1
Greensboro NC 5 3 -2
Roanoke VA 2 0 -2
Miami FL 6 4 -2
Jacksonville FL 7 3 -4
Tampa Bay FL 6 4 -2
Atlanta GA 8 4 -4
Birmirgham AL 3 4 1
Mobile A! 4 4 0
New Orleans LA 5 4 -1
Jackson MS 3 0 -3
Hcustcn TX 6 4 -2
Dallas TX 5 4 -1
San Antonio TX 5 4 -1
Altuquer ue NM 2 4 2
Buffalo Y 4 4 0
Cleveland OH 5 4 -1
Detroit MI 3 5 2
Niles IL 3 5 2
Milwaukee I 3 3 0
Phcenix AZ 3 4 1
San Diego CA 3 4 1
Encino CA 3 3 0
Cerritos CA 4 5 1
San Francisco CA 4 0 -4
San Jose CA 5 3 -2
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Table VII (cont'l.)

Optimal Allocation of Recruiters i

Location 1984 Optimal Chanje

Sacramento CA 3 4 1 I
Helena MT 2 0 -2
Boise ID 2 0 -2 I
S pckane WA 2 3 1Yakima WA 2 0 -2
Seattle WA 3 14 1
Portland OR 3 3 3
San Juan PR 4 3 -1 1
Hcnolulu HI 1 3 2
Savannah GA 0 0 0 i
Charleston SC 0 3 3
Salt Iake City UT 0 0 0
Monterey CA 0 0 0
Knoxville TN 0 3 3
Oklahcma City OK 0 3 3
Santa Barbara CA 0 3 3
Criando FL 0 3 3
Columbus OH 0 3 3 I
Passaic NJ 0 3 3 I
Anchorage AK 0 5 5 1

offices. This solution is valid only if the reward model

develcped in Chapter III is valid. Since it has been

pointed out that, due to poor data, the validity cf the

reward model is in 3uestion, decisions based on this solu-

tion should be made %ith extreme caution. Although these

results may not be valil, it is useful to interpret the

soluticn to gain further insight into the problem and to

serve as a guideline for future work with better data.

The numbers in the column '1984' represent the present

allocaticn of recruiters. A zero indicated that there is no

office at this location at the present time. The values

greater than zero represent the actual number of recruiters

assigned to the corresponding office. The 'Optimal' column

indicates the number of recruiters that should be assigned

at each location to achieve the 'optimal' reward, based on

the reward model developed earlier. In this case a zero

56



implies that there should not be an office assigned at the

given location. This solution is based on the constrai.ts

discussed earlier, hence there could be significant changes

in the allocaticn if some of the constraints were varied.

For this reason, the constraints of the problem shcu!d be

carefully developed tc avoid constraints that are actually

goals. The final cclumn, 'Change' represents the reguired

change from present tc 'optimal' allocation.

Survey of the results shows changes of one or two

recruiters in several of the offices. Since the rewar!

model is a function cf Navy accessions in a jiven lccaticn,

the offices with the smaller 'optimal' values indicate areas

where Navy recruiting was not as good relative to locations

with larger 'optimal' values. If the assumption that good

Navy recruiting locations imply good Coast Guard recruiting

locations is true, then the shift of recruiters would be

appropriate. Again, this deper.ds on the validity of the

data.

Another interesting result is that approximately 86

percent cf the offices have an 'optimal' allocation of three

or four. Since most of the locations are metropolitan

areas, the number of Navy accessions is relatively close for

these areas. When this value is raised to the .12 power to

obtain the Zi estimate, the resulting figure is even closer

in magnitude. Some of this resulting closeness could be

avoided with more explanatory variables. The Zi value is

then multiplied by the decision variable 'di' (number of

recruiters), raised to the .49 power. As a result of the

mathematics involved, the offices have similar allocation

valies with the exception of those with extremely large Zi

values. The offices with four recruiters have a Zi value

about 1.15 times the Zi value of offices assigned three

recruiters. To move up from a four man office to a five man

office, the Zi ratic is about 1.11. These ratios will

5
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always exist with a reward function made up of a Zi value

multiplied by a single decision variable raised to some

Fower.

A lock at the 'rew' locations suggests an interesting

result. Anchorage is the only office that enters with a

value greater than three. The five that Anchorage receives

is a result of its large Zi value, and implies that the Navy

does very well in this area. Even if the reward model is

not valid, the potential of Anchorage should be investigated

further.

0
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V. CONCIUSIONS AND RECOMMENDATIONS

A. SUMMARY

The purpose of this study was to determine the optimal

location of sixty-five Coast Guard recruiting offices with

242 recruiters. Recruiting office relocation was identified

as one of several methods available to improve Coast Guard

recruiting quality. Quality was defined in terms of AFQT

category and level of education, with 'good quality' repre-

senting those individuals in the upper sixty-five percentile

on the AFQT and a high school education. It was assumed

that this group of individuals was supply limited and could

he predicted using a multiplicative model.

Since the Coast Guard is interested in quality and not

quantity, it was assumed that each office could be rated

based on the quality of recruits and the potential at each

office. It was also assumed that Navy recruiting perform-

ance could be used to predict Coast Guard recruiting poten-

tial in locations where Coast Guard recruiting offices di2

not exist. A multiplicative 'reward model' was developed to

predict a reward value for any location under consideration.

A higher reward value implied more potential or a better

recruiting office location. This reward model was

constructed using stepwise regression on the log transforma-

tion of the dependent and independent variables. Paucity
and possible errors in the Coast Guard data precluded strong

conclusions about the reward model and subsequent results
using the reward model. However, the method should prcduce

a valid model if accurate data is obtained.

The solution to the problem was carried out under the

assumpticn that the reward model was valid. A dynamic
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jrojramming technique was used to determine the best sixty-

five out of seventy-six locations considered and the corre-

sponding number of recruiters to assign to each office. A

non-integer dynamic programming algorithm was intrcduced and

was -cund to be very easily implemented using present Coast

Guard resources. This non-integer technique is ccnsidered

sufficient for Coast Guard reguirements and is very adeguate

for use with quantitative social data. it was alsc shcwn

that due to the convex nature of the reward function, elimi-

nation of the lowest eleven reward values would result in

the same optimal solution as the dynamic programming tech-

nique with an additicnal constraint. The results cbtained

from the dynamic prcgramming technique were interesting,

however specific conclusions about placement of Ccast Guard

recruiting offices were avoided because of the poor quality

of data used to build the model. This study has resulted in

some general concluscns and recommendations which will be

discussed in the next two sections.

B. CCNCIUSIONS

The first conclusion that must be considered before

implementing any changes in recruiting office location

concerns the data. The detailed Coast Guard data obtained

from DMDC was ccmpared with raw numbers maintained by the

Coast Guard Fecruiting Branch. As a result, thirty-cne of

the sixty-five offices were eliminated from the regression

step due to major discrepancies. Because the Coast Guard

does not maintain detailed infcrmation (i.e. AFQT score and

level of education) for each recruit, it was not possible to

validate the specific data of the remaining thirty-fcur

locations. Thus the Coast Guard variables used to ccnstruct

the dependent variable could not be verified for errors.

This leads to the conclusion that the Coast Guard data used
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in this study may be inaccurate. The cause of the discrep-
ancies have not been identifiej; however, the collecticn of
accurate data should not present a difficult task for the

Coast Guard. Decisiors based on the data used in this study

should he deferred until accurate data can be collected.

The literature that was reviewed during the course of

this study strongly supports the validity of a multiplica-

tive 'supply model'. The other services rely on this type

of model to predict enlistments. The Coast Guard is inter-

ested in quality not quantity. If the Coast Guard can

define and identify quality recruits then it is possible to

give a guality rating to each recruiting office. The value

of the rating itself is not significant, however comparison

of the value with other offices can provide a technique to

determine which offices have the potential for better

quality. The use of a reward model to predict potential

quality of an office relative to another is feasible.

Although the data used in this study was considered

questionable, the resulting model does support the use of

Navy performance to -redict Coast Guard potential in loca-

tions where there is no Coast Guard data. This concept can

Le used as a decision aid if the Coast Guard is considering

opening a new office in a location where there are no Coast

Guard data.

Statistical Metropolitan Areas are a good set of bound-

aries to use for recruiting offices when specific knowledge

of an area is not available. The SMA's which were defined
by the C, B represent metropolitan areas with a common

economic and social integration. These predetermined areas

provide a good starting point until further informaticn is

available to make adjustments in the boundaries.

Cnce the Coast Guard is satisfied with its recruiting

locations the multiplicative model can be constructed using

Coast Guard data and local environmental and demographic
61
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information. Using Coast Guard data instead of Navy data

will result in a better model because there is a strcn.er

relationship between previous Coast Guard performance and

future Coast Guard potential than there is between Navy

performance and Coast Guard potential. A model that uses

last year's Coast Guard performance as a independent vari-

able to predict the next year's potential is more intui-

tively reasonable than a model that uses Navy performance to

predict Coast Guard Ectential.

Provided that a valid reward model can be obtained,

dynamic programming is a reasonable method to aid many

recruiting decisions. Some of the possible applications are

recruiter allocation, quota assignment, boundary definiticn,

recruiter performance evaluation, and recruiter time alloca-

tion with respect to specific locations within a territory.

Since the basic model involves quantitative social data, the

non-integer dynamic programming algorithm using recursive

equations is a sufficient and reasonable approach when used

with gcod judgement.

Most of the seventy-six locations that were considered

in this study were gccd locations. There are some obvious

exceptions such as Helena, Boise, Yakima, and Monterey. The

remaining locaticns all have a similar potential and there-

fore subjective judgement could be used to reduce the number

cf locations to sixty-five. Once the sixty-five offices are

obtained, the allocation of recruiters can be completed

using the reward model and dynamic programming.

C. RECCEMENDATIONS

A reasonable methcd to predict Coast Guard performance

has been demonstrated using a relationship between Coast

Guard and Navy recruiting performance. The cost effective-

ness of this method may be less than that achieved by good
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judgement. If locations are carefully selected and satisfy

apriori conditions, then the recruiting performance of these

locations should be approximately correct. The method of

'good judgement' is more flexible in meeting political and

administrative constraints. One possible approach for

determining locations and the corresponding territories, is

to use the Standard Metropolitan Areas. Once the locations

are picked the Coast Guard can collect good data, then

develop a model from this data combined with current envi-

ronmental and demographic data. This model should be more

accurate for recruiter allocation, quota assignment,

performance evaluation, and other Coast Guard decisions,

than a model that uses Navy data as an explanatory variable.

It has been assumed that the annual cost of recruiting

would be the same regardless of the location of the offices

if the number of offices and recruiters remain constant. As

a result of this assumption, there is no cost consideration

in this model. It may be necessary to develop a model that

considers cost as a factor before making changes in any

locations. A cost benefit comparison between recruiting

office and recruiter is another model which may prove

fruitful. The trade off between these two items, recruiting

office and recruiter, may result in more locations with

fewer total recruiters or vice versa.
Based on the results of the current study, the Coast

Guard should further investigate the opening cf an office in

Anchorage. There is strong evidence of high quality

recruiting potential in this area. The Coast Guard should

also consider reallocating some recruiters as shown in Table

VI of Chapter IV. One obvious imbalance is four recruiters

in San Juan versus one recruiter in Honolulu.

During the course of this study there were a few ideas

related to recruiting which were not directly related to the

'optimal location' problem. These ideas deserve mention
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since they may help improve the Fresent recruiting system.
The first item that should be reviewed is the iaota system.

The present system is simple and easy to implement, however

it assumes that each office has equal potential for each

recruiter. This methcd would be reasonable if optimal allo-

cation of recruiters has been established. Based cn the

origin of the present system, optimal allocation has not

been achieved, hence the quota system is not reasonable.

The quota system should take into account the potential of

the area based on previous performance and recruiter experi-

ence. To assign quctas blindly is a disservice to both the

Coast Guard and the recruiter.

Another item which can be easily improved is the lack of

communication within the Coast Guard recruiting system.

Under present conditions, if Honolulu has five quality

applicants but only one quota for the month, four of the

applicants must go on a waiting list. If at the same time

San Juan has four quotas and only marginally qualified

applicants, these four marginal applicants will be enlisted

while four quality applicants wait in Honolulu. This

problem can be easily corrected in the future when each

recruiting office has a computer terminal that is ccnnected

to a central data Lase. However in the interim, one

possible solution is to define a higher minimum standard for

enlistment. If an office cannot meet quota with this new

standard, then the quota will be transferred to an office

with a waiting list. The Coast 3uard should keep track of

waiting lists to assist in future quota and recruiter

allocations.

A final suggestion is to develop a recruiter incentive

program. Since the recruiter is the ultimate resource to

obtain quality recruits, the motivation of each recruiter is

important to the overall success of the recruiting program.

There are many different types of programs which have been
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used hy the other services and corporations throughcut the

world. lhese methods are proven and can be found in various
management science putlications. A well designed recruiter

iincentive rrogram fcr the Coast 3uarl can result in great

tenefits fcr both the recruiters and the Coast guard.
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